Objective: The aim of this paper was to evaluate if the healing of wound sites containing oxidized regenerated cellulose hemostat can be optimized by laser therapy. Background Data: Topical hemostatic agents may be used to control bleeding in a variety of surgical sites. Hemostatic oxidized regenerated cellulose can cause strange body reactions and formation of granulomas. Materials and Methods: Thirty-six male Wistar rats averaging 6 wk of age, weighing 250 g each, were anesthetized had a standard 0.5-cm 2 block of oxidized regenerated cellulose (Surgicel™) inserted into an incision on the back of the tongue. Postoperatively the animals were randomly divided into two groups of 18 animals each: one was irradiated and one was not irradiated (control). In the treatment group, transmucosal laser therapy was applied in one area (Ga-Al-As laser, 4 J/cm 2 , ‫؍‬ 685 nm, 35 mW, ‫؍‬ 0.06 mm) and consisted of four sessions, with one session carried out every 48 h. The animals were killed at three different times: G1 (1 d), G2 (3 d), and G3 (7 d). Tissues were stained with hematoxylin and eosin and then analyzed. Results: It was observed that the treated group exhibited a greater reduction in edema and inflammatory infiltrate. Conclusions: These results suggest that laser therapy at 685 nm could improve the healing process, even when the inflammatory process has been stimulated by oxidized regenerated cellulose hemostat. 10 
INTRODUCTION T
he biocompatibility of cellulose and its derivatives is well established, 1 although there are many reports of tissue reactions due to inflammation, foreign body reactions, and granuloma formation due to hemostatic oxidized regenerated cellulose. 2 It is also reported that most patients present with discomfort and pain after surgery. 3 Bjorenson et al. 4 reported that Surgicel ™ is one of the most widely used hemostatics, and that it also induces the most inflammatory reactions.
Subcutaneously implanted cellulose sponges induce rapid growth of granulation tissue, which may fill the entire sponge. 5 In a comparative study using different types of hemostatic agents, Mattsson et al. 6 found that healing of mandibular bone was slightly retarded by the use of Surgicel ™ compared to natural healing.
Experimental research with laser therapy shows that improvements in wound healing are caused by increased cellular proliferation. The photochemical changes stimulated by the action of laser energy occur in the cellular membranes and in the nuclei of cells, causing augmentation of local vasodilatation, angiogenesis, increased fibroblast production and collagen synthesis, production of T and B lymphocytes, release of endorphins, and local changes in prostaglandin. Laser therapy has been used to promote soft tissue healing, as an anti-inflammatory agent, and for pain relief, and also stimulates the immune system, thus reducing infectious effects. 7, 8 The aim of this study was to evaluate, by morphologic analysis, the inflammatory and repair process in the presence of hemostatic oxidized regenerated cellulose and the effects of laser treatment on healing.
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MATERIALS AND METHODS
The animals used were 36 male adult albino rats (Rattus norvegicus albinus). The rats were healthy and weighed approximately 250 g each. All the rats were kept, fed, and handled identically. With the approval of the Committee of Ethics in Research, the experiment was performed in the Laboratory of Experimental Surgery of the State Foundation of Production and Research in Health-RS-Brazil. The animals were anesthetized with Zoletil ® and subjected to surgery. In the back of the tongue one standardized fragment, 0.5 cm 2 in size, of oxidized regenerated cellulose (Surgicel ™ ; Johnson & Johnson, Piscataway, NJ, USA) was inserted into a small incision. The wounds were sutured closed with 6-0 nylon.
The rats were randomly divided into two groups. In the control group, the cellulose was implanted in the wound site and left otherwise untreated. The laser-treated group received the cellulose implant and post-surgery the wounds were irradiated with 4 J/cm 2 . The laser device used was a continuous-wave GaAl-As light-emitting diode at 685 nm with an output of 30 mW (Thera Lase/DMC Equipamentos Ltda., São Carlos, SP, Brazil).
To determine the applied dose of energy, the spot size was measured and the energy density and power output were determined according to the Tuner-Hode equation. 9 The laser probe was applied to a single point, in contact with the wound. The applications were repeated every 48 h for up to 7 d. Six animals from each group were killed at three time points: 1 d, 3 d, and 7 d post-surgery.
Each biopsy sample included the entire tongue of the animal. The surgical parts were fixed in 10% formalin and embedded in paraffin. Histologic 5 -m sections were cut and stained with hematoxylin and eosin, then the lamina were analyzed under light microscopy. The histologic alterations were semi-quantitatively evaluated on coded slides and classified as absent (0), mild (1), moderate (2), and marked (3), in accordance with protocols of previous studies. 10, 11 The differences between the control group and experimental groups were analyzed using the Student's t-test, and the level of significance was set at p Ͻ 0.05.
RESULTS
Clinically, all the wounds in the mucosa of the tongue healed by first intention and without apparent infection. 
FIG. 1.
Photomicrograph of a tissue sample from an animal in the control group 3 days post-surgery. Inflammatory infiltrate cells, blood clotting, and surgical trabeculae can be seen (H&E, original magnification 100ϫ).
FIG. 2.
Photomicrograph of a tissue sample from an animal in the irradiated group 3 days post-surgery. Fewer inflammatory infiltrate cells and surgical trabeculae and less blood clotting are seen here than in the control group sample (H&E, original magnification 100ϫ).
Descriptive analysis
During the 7-d experimental period, an acute inflammatory infiltrate and significant edema were evident in the control group, and in the laser treatment group these changes were less apparent. The progress of hyperemia was also enhanced by the laser therapy.
Statistical analysis
Statistically significant differences between the control and laser groups were found with regard to hyperemia on the first and the third days post-surgery (p ϭ 0.0101 and p ϭ 0.0015, respectively). There was more hyperemia seen in the control group than in the laser group at those time points; however, by the seventh day there was no longer any statistically significant difference between the groups.
There was significantly less edema in the irradiated group at all three time points studied. There were more neutrophils seen in the control group than in the irradiated group, and it reached statistical significance on the first and seventh days post-surgery (p ϭ 0.0007 and p ϭ 0.0493, respectively) ( Table 1) .
Three days after insertion of the cellulose, the number of inflammatory cells was statistically higher in the control group ( Figs. 1 and 2 ), but and on the seventh day there was no statistically significant difference between the groups.
DISCUSSION
Previous studies have shown that Surgicel ™ is an efficient hemostatic. Because of its low cost and easy availability it is widely used in hospitals. 12, 13 The oxidized regenerated cellulose acts as an artificial clot and it adheres to wound edges, hastening healing of surgical wounds. 14, 15 However, it has been associated with severe inflammatory and foreign body reactions, as well as with granuloma formation. 16, 17 The hemostatic cellulose used in this study did not cause any foreign body reaction or suture dehiscence, despite these phenomena having been reported in previous studies. 18 Tissue healing is a complex process that involves both local and systemic responses. The process of wound healing involves several types of cells, enzymes, growth factors, and other substances. The application of laser energy to wound healing has been shown to be effective in modulating both the local and systemic responses. In soft tissues, with the proper wavelength, dose, and local conditions, laser therapy has an anti-inflammatory effect, reduces pain, and accelerates cell proliferation, and consequently speeds the healing process. 8, 18, 19 Although the clinical efficacy of low-level laser therapy has been proven in controlled studies, 11 little is known about histologic alterations that may occur due to its use, particularly those associated with use of an exogenous biomaterial. Due to its biomodulating effects on tissues, laser therapy may promote tissue healing and reduce the inflammation produced by the cellulose used in this study.
In our study, we used 4 J/cm 2 of laser energy for each session, 20 because this energy density was previously found to promote a favorable tissue response.
Due to its rich blood supply, severe hemorrhage may occur with surgery on the maxillofacial region. Also in this region, some blood vessels run in neurovascular bundles, and some researchers have reported negative effects of oxidized regenerated cellulose on peripheral nerve function. 21, 22 We found that laser therapy reduced hyperemia and edema in areas of cellulose implantation compared to that seen in the control group. These findings are significant, because exacerbation of edema in the early stages of healing may modify its normal course, and reduction of hyperemia reduces the likelihood of postoperative hemorrhage. These facts indicate that laser treatment may improve the action of the local hemostatic. The acute inflammatory response was also positively influenced by laser therapy, suggesting improvement in tissue reactions to oxidized regenerated cellulose.
CONCLUSION
In our study we concluded that the Ga-Al-As laser, operating within the parameters described above, induced biomodulation of healing in the presence of oxidized regenerated cellulose (Surgicel). These results suggest that laser therapy may hasten healing when used in conjunction with a cellulose hemostatic.
